of systemic administration of adrenocorticotrophic hormone (ACTH) on the renal handling of sodium, potassium, and water and on plasma levels of sodium and potassium have been examined in the dog (11, 12) and in man (4, 14, 23). The studies in man and those of Ganong (12) in the dog have also studied the changes in aldosterone and glucocorticoid secretion and the activity of the reninangiotensin system. It has been suggested that the effects of ACTH on electrolyte and water status are primarily mediated by the stimulation of corticosteroid secretion from the zona fasciculata rather than by its effects on aldosterone secretion (5), the secretion of the latter hormone being suppressed after an initial period of stimulation (4, 14, 23 A maximum value of water intake, 3.95 zt 0.4 liter/day, was observed on the 5th day. This was significantly (P < 0.001) higher than the control level of 2.03 =t 0.1 liter/day.
On the 1st day post-ACTH, urine output (3.55 =t 0.8 liter/day) exceeded water intake (3.34 =t 0.8 liter/day).
Water turnover remained elevated in the post-ACTH period for at least 7 days. It was still elevated after all other variables, including urinary sodium excretion, had returned to normal. Blood corticosteroids. The results of blood steroid analysis for 16 experiments are shown on Fig. 3 . ACTH resulted in a significant (P < 0.001) increase in blood cortisol from a pre-ACTH control level of 0.52 zt 0.13 to 9.2 rt 0.9 pg/lOO ml on the 5th day. Similarly, blood corticosterone rose from 0.09 =t 0.01 to 0.17 rfi 0.02 pg/lOO ml (P < O.OOl), and blood deoxycorticosterone rose from 2.5 =t 0.7 to 5.6 =t 0.5 ng/lOO ml (P < 0.001). Blood aldosterone levels were similar before, 2.1 rt 0.4 ng/lOO ml, and after 5 days ACTH, 1.3 & 0.3 ng/lOO ml. Body weight. Body weight was measured prior to feeding at 1000 h on the day prior to ACTH and on the 5th day of ACTH administration.
There was no significant change in body weight, mean values being 42.1 =t 1.6 kg before ACTH and 44.0 rt 2.1 kg on the 5th day of ACTH (n = 11) .
Administration of ACTH for 10 Days
The grouped results of ACTH administration to 5 sheep for 10 days are shown on Fig. 4 and Table 2 . In these experiments the values obtained for all parameters at the end of 10 days were not significantly different (P > 0.05) than those at 5 days in the same experiments.
They also resembled closely the results obtained in the larger series of 5-day experiments previously described. Blood corticosteroid levels were similar at the end of the 5th and 10th days of ACTH in the two experiments in which measurements were made. The important features of the lo-day experiments were: a) the continued increase in water turnover. Although this was not statistically significant, all animals continued to increase their urine output and water intake from 5 to 10 days; however, there was a wide varia- were seen, and so intramuscular injection was used for the majority of the studies. In contrast, in man, urinary potassium excretion falls to less than intake in the post-ACTH period, and plasma potassium levels remain below normal for at least 3 days (4, 14). Sheep are ruminant herbivores and have a large dietary potassium intake. Also, a large proportion of the extracellular potassium is sequestrated in the rumen. It is possible that mineralocorticoidinduced changes in salivary composition result in a shift of potassium into the rumen. The total amount of potassium lost from the extracellular space is small when compared with the daily turnover of this ion, and even if shed into the urine would be difficult to detect. It is also possible tion between animals (Table   2 ) in their response. b) The occurrence of a natriuresis on the 2 days immediately following cessation of ACTH. This also just failed to reach significance for similar reasons to those outlined above. The amount of sodium lost in this 48-h period was similar to that shed in the 5-day experiments.
Following the natriuresis, urinary sodium retention occurred. Overall, the recovery of all parameters in the post-ACTH period was similar to that found after 5 days of ACTH treatment.
DISCUSSION
These studies on administration of ACTH to the sheep for 5 and 10 days describe the metabolic effects arising from continued maximal stimulation of the adrenal cortex. The rate of administration equivalent to about 4 IU/h is similar to that previously shown to cause maximal secretion of cortisol and corticosterone from the sheep adrenal cortex (6). Similar doses of ACTH have been used in recent studies in man ( 14, 23). There was no difference in the peripheral blood steroid concentrations between the animals which received 80 IU/day given as two 12-h 40-IU intramuscular the sheep. The relationship between the adrenal cortex that an ACTH-induced increase in extracellular volume and water metabolism has been reviewed in detail (13, 16, could lower plasma potassium without resulting in increased 35). In man, water turnover is not influenced by ACTH (32). However, polyuria and polydipsia have been produced experimentally in both the dog (1) and rat (26) loss of potassium. A 25 70 increase in the extracellular space following administration would lower plasma potassium by about 1 meq/liter. ACTH of ACTH and adrenocortical hormones.
The precise mechanism of the observed increases in water turnover is not known, but may be due to may also result in an increase in intracellular potassium, hypokalemic nephropathic polyuria (27), glucocorticoidinduced changes in filtration rate (19), a direct anti-ADH although in other species ACTH-induced glucocorticoid action of mineralocorticoids on the renal tubule (37), or a primary increase in thirst as a result of osmolar imbalance secretion results in a reduction of total intracellular potas- in two of these studies in which little or no response in blood pressure was obtained, the number of subjects was small. In the most comprehensive study, Gordon and colleagues ( 14) found a small but significant increase in blood pressure on the 4th day. This accompanied the increase in body weight which was observed from the 1st day of ACTH treatment.
In the sheep, blood pressure was increased after 5 or 10 days of ACTH without any consistent changes in body weight and without any evidence of an increase in total body sodium status. However, as is noted in the results, a small urinary sodium retention occurred during the first 2 days. In man, in all studies in which ACTH has been given for 5-10 days, sodium retention and an increase in body weight have been observed (4, 14, 23). It is not clear from experiments in the dog whether ACTH causes a rise in blood pressure. Davis and Howell (11) reported no effect and Ganong (12) did not report blood pressures in his most recent studies. Sodium retention for the first 5 days of treatment also occurred in the dog ( 12).
The mechanism of the hypertension induced by ACTH is not clearly understood.
A number of possibilities require examination.
These are i) redistribution of sodium within the body arising in part from changes in salivary electrolyte composition, ii) the role of the renin-angiotensin system, iii) the importance of known adrenal glucocorticoid and mineralocorticoid hormones, iu) whether an as yet unidentified adrenal steroid is involved, and v) do adrenal catecholamines play an important role? Some of these possibilities will be discussed here, but specific answers relevant to ACTH-induced hypertension in the sheep require further experimentation.
Although it is clear that they can produce elevations in blood pressure, the species of animal, dietary salt intake, and prior preparation of the animal and the dose of hormone used are very important.
Of the species examined, only the rat responds to steroid administration with sus-
